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Specification 

Title of the Invention Method for manufacturing semiconductor device 
5 Scope of Claims 

(1) A method for manufacturing a semiconductor device, characterized by comprising a 
step of implanting a halogen ion or a molecular ion of a halogen compound in an oxide 
film formed over a silicon substrate so that a quantity of ions existing in the oxide film 
is in a range of 10 11 to 10 14 cm" 2 , and a step of performing heat treatment at 

10 temperatures from 500°C or more to 1200°C or less after the step of ion implantation. 

(2) A method for manufacturing a semiconductor device, characterized by comprising a 
step of implanting a halogen ion or a molecular ion of a halogen compound to a silicon 
substrate from an entire surface or a selected surface a silicon substrate in a range of 
10 u to 10 15 cm" 2 , and a step of forming a desired oxide film by performing heat 

15 treatment at temperatures from 500°C or more to 1200°C or less in an oxidation 
atmosphere after the step of ion implantation. 

Detailed Description of the Invention 

The present invention relates to a method for obtaining an electrically stable 

20 oxide film by performing heat treatment after implanting a halogen ion from above a Si 
substrate or a SiOt film formed over a Si substrate. 

In the manufacturing of a conventional MOS type semiconductor element, a 
positive electric charge such as a Na* ion, a H 2 ion, or an oxygen vacancy is easily 
introduced into a gate oxide film formed by thermal oxidation, which causes the 

25 unstableness of a MOS structure. As a conventional method for reducing the 
unstableness, various efforts are made for reducing the influence of a mixed impurity as 
well as preventing the contamination of an impurity such as a Na* ion in a 
manufacturing process, and the most widely employed method is a method which is 
referred to as phosphorus treatment by which ? 2 0$ vapor is carried at temperatures from 

30 900°C to 1000°C to be diffused into SiC^ to make a phosphorus glass (P 2 0 5 -Si02) layer 
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grow over the surface of an oxide film. 

However, as for the phosphorus glass layer formed by the phosphorus 
treatment, the etching rate with respect to HF is drastically higher than that of a normal 
oxide film; therefore, there are disadvantages that, for example, pretreatment by diluted 
5 HF cannot be performed after forming a phosphorus glass, and the phosphorus glass 
layer is electrically unstable since the phosphorus glass layer is polarized. 

As a conventional method for improving this, for example, there is a method 
for forming an oxide film by conducting thermal oxidation in a dry O2 atmosphere 
containing several mole percents of HC1 or CI2 as mentioned in a report "The Effect of 
10 HQ and CI2 on the Thermal Oxidation of Silicon", Kriegler et al., Journal of 
Electrochemical Society, voL119, No.3, 1972, pp.388 to 392. However, as for the 
above method, there is a disadvantage that oxidizing velocity becomes faster as a 
proportion of HQ or Q2 in dry Ch is heightened, which leads to the poorness of 
reproducibility of the film thickness of the oxide film. 
15 It is an object of the invention to provide a method for obtaining a stable MOS 

structure element by obtaining a clean oxide film with high reproducibility using an ion 
implantation method instead of conventional diffusion-based stabilization of a MOS 
structure. 

Hie structure of the invention includes implantation of a halogen ion such as 
20 35 Q*, "fcr*, or 19 F* or a molecular ion including a halogen element from above a Si 
substrate or an oxide film formed over a Si substrate, and the formation of a desired 
oxide film by performing heat treatment in an oxidation atmosphere on an object 
implanted in the Si substrate or an approximate heat treatment on an object implanted 
from above the oxide film formed over the Si substrate after the implantation. 
25 Next, an embodiment of the invention is explained with reference to the 

drawings. Referring to FIG 1, Si(>2 12 of 1500 A is formed in a thermal oxidation 
atmosphere over a n-type Si substrate 11 having a (100) plane of 10 Q-cm. Then, a 
35 Q* ion 13 is implanted so as to be 10 n to 10 14 cm" 2 using BQ 3 as an ion source with 
the energy of 100 keV, then, heat treatment is performed for 30 minutes in a hydrogen 
30 atmosphere at 550°C. 
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Al of 1.2 \i is deposited by electron beam evaporation to form an electrode 14, 
then, heat treatment is performed for ten minutes in N 2 atmosphere at 470°C. Thus, a 
MOS capacitor element is formed. 

Referring to FIG 2, as shown as one example in which a change 21 of 
5 Flat-band voltage Vpa of a MOS capacitor element formed by implanting a ^Cl* ion of 
10 12 cm' 2 is compared with a change 22 of a MOS capacitor element without being 
implanted with a 35 C1 + ian, there is no difference on the initial values of Veb of a MOS 
capacitor element between them. However, when Vfb is measured after conducting 
BT treatment at 250°C, at 10V, and for ten minutes, there is almost no movement AV ra 

10 of Vfb in a sample in which a 35 C1* ion is implanted. This is considered to be a result 
of gettering of a mobility ion such as Na* in the oxide film by an implanted 35 C1* ion. 

Referring to FIG 3, a second embodiment of the invention is that a 35 Cf ion 32 
is implanted so as to be 10 11 to 10 14 cm' 2 using BCI3 as an ion source with 40 keV over a 
n-type Si substrate 31 having a (100) plane of 10 Q-cm in specific resistance as in first 

15 embodiment, then, Si02 33 of 1500 °A is formed in a dry 0 2 atmosphere at 1100°C and 
an Al electrode 34 is provided by electron beam evaporation to form a MOS capacitor 
element In the characteristic of this oxide film, as tabulated by comparing a case of 
no implantation and a case of implanting a 35 CT ion of 10 13 cm' 2 as one example, it is 
recognized that the quantity of electric charges In the oxide film decreases by the 35 CT 

20 ion implantation of 10 13 cm" 2 ; however, a change in withstand voltage, dielectric 
constant, refractive index, and the like is not observed. In addition, when transient 
response time is measured by applying 15 V to the above described MOS capacitor 
element, 0.1 to 0.2 seconds are obtained in a sample in which a 35 C1 + ion is not 
implanted, whereas approximately 100 seconds are obtained in a sample in which a 

25 *cr ion is implanted. Thus, it is recognized that the number of traps in the oxide film 
decreases. As for effective minority carrier lifetime, the lifetime is 0.2 to 1.0 
microseconds in a sample in which a 35 CI* ion is not implanted, whereas the lifetime is 
50 to 200 microseconds in a sample in which a 35 cr ion is implanted. Thus, it is 
observed that the effective minority carrier lifetime increases hundred times or more. 

30 It is considered that the above described phenomena are caused by gettering due to the 
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^Cl* ion in which a heavy metal such as gold, copper, or iron, in addition to a Na + ion, 
is implanted. 

As described above, by employing the structure of the invention, there is 
generated an enormous effect that a clean oxide film is obtained and an electrically 
5 stable MOS structure element can be obtained. 

Until now, the invention is explained with the implantation of a 35 CT ion; 
however, the invention is not limited to a 35 C1 + ion, and an implantation of other halogen 
ions or molecular ions which are compounds of a halogen ion is expected to have a 
similar effect 

10 For example, as an example of such a halogen molecular ion, an effect similar 

to the above is observed when a BCT ion is implanted so as to be 10 n to 10 14 cm' 2 using 
BCI3 as a source. However, at least heat treatment at 700°C for one hour or more is 
required in a lightly implanted region because of large mass. 

The present invention is that a halogen ion is implanted into a Si substrate or an 

IS oxide film formed over a Si substrate, and not that etching is performed by the impact 
of a halogen ion. 

Brief description of the Drawings 

FIG 1 is a cross-sectional view showing one embodiment of the present 
20 invention, and FIG 2 is a graph for explaining the effect of the example. FIG 3 is a 
cross-sectional [view] showing another embodiment of the present invention. 

11 Si substate 12 SiCfe 

13 35 CP ion beam 14 Al electrode 

25 21 — The change of a sample implanted with a ^Cl* ion by BT treatment 

22 The change of a sample without being implanted with a 35 CP ion by BT 

treatment 

31 Si substrate 32 ^CV ion beam 

33 S1O2 film 34 Al electrode 

30 
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Amendment of Proceedings (voluntary) 

S.48. June. 8 (1973.6.8) 

Commissioner of Patents Yukio Miyake Esq. 
5 1. Case Indication 

Patent Application No. $48-10085 

2. Htle of the Invention 

Method for manufacturing semiconductor device 

3. Person Filing Amendment 

10 Relation to the case: Applicant 

33-1, 5-chome, shiba, minato-ku, Tokyo 

(423) NEC Corporation 

Representative President Koji Kobayashi 

4. Agent 

15 33-1, 5-chome, shiba, minato-ku, Tokyo 

do NEC Corporation 

(6591) Patent Attorney Susumu UcMhara 
Telephone Tokyo (454)1111 (rep) 

5. Object for amendment 

20 Detailed description of the Invention in the specification 

6. Contents of the Amendment (Patent Application No. S48-10085) 

1. The entire text described in lines 11 to 12 of page 3 in the specification is amended 
as follows: 

"...becomes and there are no disadvantage of being poor in reproducibility of the 
25 thickness of an oxide film and no report that low temperature is effective for obtaining a 
significant effect by this method, and high temperature thermal oxidation of 1100°C or 
more is required; therefore, there is a major disadvantage that Pn junction or the like 
which is already formed inside a silicon substrate is moved" 

2. The following sentences are inserted between the lines 4 and 5 of page 4 therein: 
30 In addition, as an amount of implantation, at least approximately 10 u cm" 2 is 
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required to cancel electrically active surface level existing at the interface of Si-Si0 2 . 
However, when the amount of implantation exceeds approximately 10 15 cm* 2 , lattice 
distortion becomes larger in an ion having large mass like a 35 (3* ion, and an interface 
level which cannot be completely removed by a condition of normal heat treatment is 
5 anew generated at the interface of Si-Si02 to cause electrical instability. As the range 
of implantation in an experiment by the inventor, the range of from 10 u to 10 14 cm" 2 in 
the case of implanting from above an oxide film, and from 10 11 to 10 15 cm" 2 in the case 
of implanting to a Si substrate are suitable. 

3. The entire text described in the line 19 of page 4 to the line 1 of page 5 therein is 
10 amended as follows: 

*\..When V ra of the MOS capacitor element is measured before and after BT 
treatment at 250°C, at 10V, and for ten minutes, a 35 Cf ion is implanted" 

Agent Patent Attorney Susumu Uchihara 
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